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(54) Micro device 

(57) In a micro device including a through hole (30) 
for piercing a sut}strate (10) and a fragile part provided 
around or across a part corresponcfing to a through hole 
(30) of a multilayer film (40) and relatively thinner than 
the other part, an opening can t)e formed in the multi- 



FIG. 5D 



layer film (40) by cutting the multilayer f Om (40) along or 
inside the fragile part and a through hole (30) can be 
formed. 
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Description 

[0001] The present mventk>n relates to a rrvao device 
and a m^hod of manufacturing the same, particularly to 
an ink-jet printing head and a method of manufacturing 
th same, and more particularly to an Ink-jet printing 
device. 

[0002] Heretofore, there is an ink-jet printing head as 
one type of a miao device provided with an active plate 
and an active plate actuator for driving the active plate 
on one side of a substrata 

[0003] There has been known two different types of 
such an ink-jet printing head in which a part of a pres- 
sure generating chamber communicating with a nozzle 
aperture for ejecting ink droplets is composed of a dia- 
phragm, an ink droplet is ejected from a nozzle aperture 
by deforming the diaphragn by a piezoelectric element 
and pressurizing ii^ in the pressure generating cham- 
ber. One type employs a piezoelectric actuator in a lon- 
gitudinal vibration nrxxie in which the piezoelectric 
element expands and contracts in an axial direction, 
wh^eas the other type includes a piezoelectric actuator 
in a f lexural vforation nxxJe. 

[0004] For the former type, the volume of a pressure 
generating chamber can vary by contacting an end face 
of the piezoelectric element to a cfiaphragm and a head 
suitable for high density printing can be manufactured. 
However. tNs type requires a difficult process for cutting 
into piezoelectric elements according to the arrange- 
ment pitch of nozzle apertures Bke tiie teeth of a comb 
and work for positioning and fixing the cut piezoelectric 
element on a pressure generating chamber. Thus, ttiis 
type of the printing head requires a conplicated manu- 
facturing process. 

[0005] In the meantime, for the latter type, a piezoe- 
lectric element can be attached onto a diaphragm in a 
relatively simple process for sticking and burning a 
green sheet serving as a piezoelectric material so that 
the shape is In the shape of a pressure gen^ating 
chant>er. htowever. a certain area is required because 
flexural vforation is utilized and. hence, there woufo 
make a difficulty in high density arrangement. 
[0006] To solve the problems of the printing head 
equivalent to the latter type, a printing head wherein a 
uniform piezoelectric material layer is formed overall on 
th surface of a diaphragm using film forming technique, 
the piezoelectric material layer is cut into a shape corre- 
sporxfing to a pressure generating chamber by litiiogB- 
phy and a piezoelectric elentent is indeperxJentty 
formed every pressure generating chamber is proposed 
as disclosed in Unexamined Japanese Patent Putilica- 
tion No. Hei- 5-286131. 

[0007] Hereby, there are advantages for not demarKl- 
ing work for sticking a piezoelectric element on a dia- 
phragm and a piezoelectric element can be fixed by a 
precis . simple mettiod of lithography. In addition, a pie- 
zoelectric element can be thinned that enables high 
speed driving. 



[0008] In this case, a monocrystalline sOicon substrate 
for example can be used for a sut)strat , a pressure 
generating chamber arxl a passage such as a reservoir 
can be formed by anisotropk: etching and recorcfing 
5 density can be enhanced by reducing the area of the 
opening of a pressure generating chamber as much as 
possbla 

[0009] When the atxive nx)nocrystaIline silicon sut>- 
strate is antsotropically etched, parts to be through 

10 holes such as a reference hole for positioning, an ink 
inlet and a separating hole every chip in case plural 
chips are formed on a wafer are formed sinultaneously 
with pressure generating chambers. At this time, gener- 
ally, after the nrx>nocrystalline silkx)n substrate except a 

15 silicon dfoxide film which is the lowest layer is etched, a 
part of film corresponding to a though hole are etched or 
removed pfiysically. Hcwever, there is a problem tfiat 
when the films are renx>ved. sun'oundings of the 
through hole are overetched or f ams around the through 

20 hole are peeled. If only the silicon dioxide fim is left, 
ttiere is a problem that etching gas or etchant invades 
on the reverse side due to the d^ed of the film. Further, 
partk;ularly if a part of the films conesponding to a 
through hole are physk:ally reamed by inserting a ref- 

25 erence pin and otfiers. there is a problem that a film is 
freed, invades between the reference pin and the 
through hole and the failure of alignment is caused. 
[001 0] Such problems are caused not only in an ink- 
jet printing head txit in a mk;ro device such as a micro 

30 sensor provided witti an active plate and an active plate 
actuator on one side of a substrate. 
[001 1 ] It is, therefore, tiie object of tfie present inven- 
tion to provide a micro device and. particularly, an ink-jet 
printing head and, more particularly, an ink-jet printing 

35 device which overcome the drawt)acks of the prior art 
products. This object is solved by the micro device 
according to the irxJeperxient daim 1 as well as the 
method of manufacturing the same according to the 
independent daim 16. Further advantageous features, 

40 aspects and detail of the invention are evkjent from the 
dependent claims, tfie description arxl the drawings. 
The claims are to be understood as a first non-limiting 
approach to define the invention in general terms. 
[0012] The present invention relates to a method of 

45 manufacturing a miao device in which a through part 
can t>e eff idently and securely formed arxl such a micro 
devica Particulariy. the invention relates to a method of 
manufacturing an ink-jet printing head wherein a part of 
a pressure generating chamber comnumicating with a 

50 nozzle aperture for ejecting ink droplets is composed of 
a diaphragm, a piezoeledric element is provided via the 
diaphragm and an ink droplet is ejeded by the displace- 
ment of the piezoelectric element the ink-jet printing 
head and an ink-jet printing device. 

55 [001 3] A first aspect of the present invention is to pro- 
vide a micro device provided with multilayer strudur 
constituting an active plate for performing predeter- 
mined action and an active plate actuator for driving ttie 
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active plate on one side of a substrate and character- 
ized in that a through hole which pierces the akx>ve sub- 
strate and a fragae part provided around or across a 
part corresponding to a through hole of a multilayer fDm 
and relatively thiruier than the other part are prmded. 
[0O14] Accorcfing to such a first aspect the atxiv mul- 
tilayer film can be readily cut via the fragile part, the 
above through hole can t>e sirrply formed, a thin film is 
prevertted from being scattered when the through hde 
is formed, and a reference pin arxi others can be 
securely fitted to the through hole. 
\P0\5l A second aspect of the present invention is to 
provide a micro device based ipon the first embodiment 
arxl further characterized in that the multilayer film cov- 
ering the part corresporxiing to a through hole is pro- 
vided with a f im provided with tensile in-plane stress at 
least on the upper layer arxJ the in-plane stress of the 
wfiole multilayer fOm is directed in the direction of a ten- 
sile load, and the fragile part is provided around or 
across the part corresponding to a through hole of the 
multilayer fOm arxJ includes a fragile cut part relatively 
lower in fragility tfian the ti&ter part. 
[001 6] According to such a second aspect, when the 
through hole Is formed, the multilayer film is lifted along 
the edge, and the reference pin and the through hole 
can be securely touched. 

[0017] A third aspect of the present invention IS to p>ro- 
vide a micro device t>ased upon the secorxi aspect and 
further characterized in that the fragile cut part is line- 
arly formed. 

[001 8] Accorcfing to such a third aspect, the multilayer 
film is readily cut linearly arxJ a tfirough hole can be fur- 
ther simply formed inside a passage forming sut)strate. 
[0019] A fourth aspect of the present invention is to 
provide a micro device based upon the second or third 
aspect and further characterized in that the fragile cut 
part is a notched g^oove formed at least on one layer of 
the multilayer film. 

[0020] According to such a fourth aspect, the multi- 
layer film is readily cut afong the notched groove and a 
through hole can be simply formed inside a passage 
forming sutjstrate. 

[0021] A fifth aspect of the present invention ^ to pro- 
vide a miao device based upon any of tfie second to 
fourth aspects and furth^ characterized in that the mul- 
tilayer film includes a silicon oxide film provided with 
compressive stress and a metallic film formed on the sil- 
icon oxide film arxi provided with tensile stress. 
[0022] According to such a fifth aspect, tensile stress 
is caused by the stress of the silkx>n oxide film and the 
stress of the metaflic fDm as a wttde in the nrultilayer 
film and a through hole can be sirrply inside a passage 
forming sut)strate. 

[0023] A sixth aspect of the pres^ invention is to pro- 
vide a micro device based upon the fifth aspect and fur- 
ther characterized in that the multilayer film further 
includes an insulating layer provided with tensil stress 
as the upperrTx>st layer. 



[0024] AcGorcfing to such a sixth aspect, the tertsile 
stress of the wfx)l mult'layer film is enhanced and 
when a through hoi is formed, the muH^ayer fSm is 
securely &fted and the through hole can be futher sim- 

5 ply formed inside a passage formirrg substrata 

[0025] A seventh aspect of the present invention is to 
provide a micro devk^ based tpon the fifth or sixth 
aspect and further characterized in that the fragile cut 
part is a notched groove formed at least in a part at least 

10 with the thickness of the metalGc fOm of the nrujltilayer 
fam. 

[0026] According to such a seventh aspect, the multi- 
layer film is reacfily cut t)y the notched groove of the 
metallic fOm and a through hole can be further simply 

15 formed inside a passage forming substrata 

[0027] An eigfith aspect of the present invention is to 
provide a micro device based upon any of the first to 
sixth aspects and furtfier characterized in that the frag- 
ile part includes the part corresponding to a tfirough 

20 hole and includes a linear tfiin film part tfiinner as a 
wfiole tfian the surroundings of the multilayer film. 
[0028] According to such an eighth expect, the multi- 
layer film can be prevented from t>eing peeled outside 
the thin film part 

25 [0029] A ninth aspect of the present invention is to 
provide a nrvcro device based upon the eighth aspect 
and further characterized in that a thick film part rela- 
tively tfiicker tfian the tfiin film part is further provided 
inside the thin f Om part. 

30 [0030] According to such a ninth aspect, the thick film 
part left when a cap covering a through hole is removed 
exists inside the thin fflm part. 
[0031] A terrth aspect of the present invention is to 
provide an ink-jet printing head t>ased upon any of the 

35 first to ninth aspects further characterized in that the 
substrate is provided with a row of pressure generating 
cfiannbers each of which communicates with a nozzle 
ap^lure on the other side of the substrate and is parti- 
tioned by plural partition walls, arxJ the sut>strate is a 

40 passage forming sut)strate provided on one side of the 
sut>strate with a piezoelectric element at least including 
a lower electrode, a piezoelectric layer and an upper 
electrode layer and formed in an area opposite to the 
pressure generating chamber via an elastic f Om consti- 

45 tuting a part of the pressure generating chamber. 

[0032] According to such a tenth aspect, an ink-jet 
printing head wherein a through hole can t>e simply 
formed inside a passage forming sut>strate is reafized. 
[0033] An eleventh aspect of the present invention is 

50 to provide an ink-jet printing head based upon the tenth 
aspect and further characterized in that the thin film part 
is composed of at least an elastic f3m arxi the tfiick film 
part is Gonrtposed of at least the elastic film, the lower 
electrode, the piezoelectric layer arxi the upper elec- 

55 trode. 

[0034] Accorcfing to such an leventh aspect, when a 
part in which a film is renxTved around a through hole is 
formed, effect upon the thick film part is avokJed by the 
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thin f flm part composed of an elastn: film. 
[0035] A twelfth aspect of ttie present invention \s to 
provid an ink-jet printing head t>ased upon the eleventh 
aspect and further characterized in that at least a part in 
the direction of the tftickness of the elastic f3m of the s 
tfiin film part is removed. 

[0036] According to such a twelfth aspect, when a part 
in which a film is removed is formed around a through 
hole, effect upon the thick film part is avoided by a thin 
elastic film or the above part in which an elastk: f im is io 
completely removed. 

[0037] A thirteenth aspect of the present invention is 
to provide an ink-jet recorcfing device characterized in 
tfiat the recording device is provided with the ink-jet 
printing head according to any of tfie tenth to twelfth is 
aspects. 

[0038] According to such a thirteenth aspect, the head 
can t>e securely and simply manufactured arxJ the ink- 
j^ recording device is readily manufactured. 
[0039] A fourteenth aspect of the present invention is 20 
to provide a nriethod of manufacturing a micro device 
comprising a multitayer structure constituting an active 
plate for performing predetermined action and an active 
plate actuator for driving the active plate on one side of 
a sut)strate and characterized in tfiat the method 2s 
includes a step of forming a fragile part relatively thinner 
tfian the other part of a multilayer f Om around or across 
a part corresponding to to a through hole which pierces 
th sut>5trate in the multilayer film, a step for forming a 
tfirough part which pierces the nrultitayer film by etchir^ 30 
the part corresponding to a through hole from the other 
side of the substrate and a step for fornvng the atxyve 
through hole along or inside the fragile part by cutting 
the multitayer film and forming an opening in the multi- 
layer film after the through part is formed. ss 
[0040] According to such a fourteenth aspect the 
through hole can t>e sinrply formed, a thin film is pre- 
vented from being scattered when the tfirough part is 
formed and a reference pn and others can be securely 
fitted to the through hole. 40 
[0041] A fifteenth aspect of the present invention is to 
provide a method of manufactiring a micro device 
based upon the fourteenth aspect and further cfiarac- 
terized in tfiat a step for providing a film provided with 
tensile in-plane stress at least as an upper layer of a 45 
multilayer film covering a part corresponding to a 
tfirough hole which pierces the substrate so that the in- 
plane stress of the whole multilayer film is tensile stress, 
is provided before the through hole is formed, arxJ an 
opening is formed in the multilayer film utilizing tensile so 
in-plane stress after the through part is formed to form 
the through hole. 

[0042] According to such a fifteenth aspect the multi- 
layer film ts lifted along the edge, and a reference pin 
arxl the through hole can t>e securely touched. ss 
[0043] A sixteentii aspect of the present invention is to 
provide a method of manufacturing a micro device 
based upon the fifteenth aspect and further character- 



ized in that the fragil part includes a fragfle cut part 
akxig the edge of tfie part corresponding to a through 
fide of the nuttilayer fOm and relatively lower in fragilfty 
tfian the other part. 

[0044] According to such a sixteenth aspect, th mul- 
tilayer fOm is lifted along the edge wfien the through fiole 
is formed, and a reference pin and the tfirough hole can 
be securely touched. 

[0045] A seventeenth aspect of the present invention 
is to provide a metfiod of manufacturing a micro device 
based upon the fifteenth or sixteenth aspect and further 
cfiaracterized in tfiat the fragile part is provided across 
the part corresponcfing to a through hole of the multi- 
layer fOm and includes a fragile cut part relatively lower 
in fragility tfian the other part 
[0046] According to such a seventeenth aspect the 
multilayer f 3m is cut in the center of the through hole, is 
securely lifted abng the edge, and a reference pin and 
the tfirough hole can be securely touched. 
[0047] An eighteenth aspect of the present invention 
is to provide a method of manufacturing a micro device 
based upon the sixteenth or seventeenth aspect and 
further cfiaracterized in that the fragile cut part Is formed 
linearly. 

[0048] According to such an eighteenth aspect, the 
multilayer film is cut along the linear fragile part and a 
through fiole can be further simply formed. 
[0049] A nineteenth aspect of the present invention is 
to provide a metfiod of manufacturing a micro device 
based upon any of tfie fifteenth to eigfiteenth aspects 
and further cfiaracterized in that the fragile cut part is a 
notcfied groove formed at least in one layer of the multi- 
layer f 3m. 

[0050] According to such a nineteenth aspect the 
multilayer film is readily cut along the notched groove 
and a through hole can be simply formed. 
[0051 ] A twentieth aspect of the present inv^ition is to 
provide a method of manufacturing a micro device 
based upon any of tfie fifteenth to nineteenth aspects 
and further cfiaracterized in tfiat the multilayer f3m 
includes a silicon oxide film provided with connpressive 
stress and a metaflic film formed on the silicon oodde f flm 
and provided with tensile stress. 
[0052] According to such a twentieth aspect t^isile 
stress is caused t>y the stress of the alicon oxide fOm 
and the stress of the metallic film in tiie multilayer fflm as 
a wfiole and a through hole can be simply formed. 
[0053] A twenty^irst aspect of the present invention is 
to provide a metfiod of manufacturing a micro device 
based upon ttie twentietti aspect and further cfiaracter- 
ized in tfiat the multilayer film is further provided with an 
insulating layer provided with tensile stress as an upper 
layer. 

[0054] According to such a twenty-fs-st aspect the 
fertile stress of the wfiole multilayer film is enhanced, 
the nrojltilayer fOm ts secur^ lifted and a through hole 
can be further simply formed. 
[0055] A twenty-second aspect of the present inven- 
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tion is to provide a method of manufacturing a micro 
device based ipon the twentieth or twenty-first aspect 
and further characterized in that tfie fragde cut part is a 
notched groove formed at least in a part at least with th 
thickness of the metaUic film of the multilayer fOm. 
[0056] According to such a twenty-second aspect, the 
multilayer film is readily cut with a notched groove com- 
posed of a platinum fOm. 

[0057] A twenty-third aspect of the present invention 
is to provide a metfuxi of marujfacturing a micro device 
t>ased upon any of the fourteenth to twenty-second 
aspects and further characterized in that the opening is 
famed by pressing the multilayer fOm in the part corre- 
sponcf ng to a through hole. 

[0058] According to such a twenty-tfiird aspect, the 
multilayer film is Fifted along the fr^le part by forming 
the opening t>y pressing arKl a through hole in a prede- 
termined shape can be obtained. 
[0059] A twenty-fourth aspect of the present invention 
is to provide a method of manufacturing a micro device 
based upon the twenty-third aspect and further charac- 
terized in fhat the muHitayer film is pressed from the side 
of the tfvough part 

[0060] According to such a twenty-foulh aspect, the 
multilayer film is lifted outside the tfvough hole by press- 
ing the multilayer film from the side of the through part 
and a through hole can be securely formed. 
[0061 ] A twenty-fifth aspect of the present invention is 
to provide a method of manufacturing a micro device 
based upon the twenty-third or twenty-fourth aspect arxJ 
further characterized in ttiat a crack is made at least in 
a part of the fragile cut part before pressing. 
[0062] According to such a twenty-fifth aspect, as a 
result of making tfie crack in a part of the fragile part, a 
tfirough hole can be readily formed. 
[0063] A twenty-sixth aspect of the present invention 
is to provide a method of manufacturing a mrcro device 
based upon any of the fourteenth to twenty^rfth aspects 
arxJ further characterized, in tfiat the fragile part sur- 
romis the part corresponding to a through hole arxJ 
includes a linear thin fBm part thirmer as a wtiole tfian 
the surrourxiings of the multilayer film. 
[0064] According to such a twenty-sixth aspect the 
multilayer f Dm outside the thin film part is never peeled. 
[0065] A twenty-seventh aspect of the present inven- 
tion is to provide a method of manufacturing a micro 
devk^ t>ased upon the twenty-sixth aspect and further 
characterized in that a step for forming the frag^e part 
includes a step for forming the thin film part and a cap 
thicker as a whole than the tfiin film part and covering 
the part conesporxiing to a through hole arxi after the 
through part is formed, the ttvough hole is formed by 
removing the cap. 

[(N)66] According to such a twenty-seventh aspect, the 
cap prevents etchant from leaking in etching a through 
hole and as the ttiin f nm part exists around the through 
hoi when the cap is removed after etching, the cap can 
be simply and securely removed. 



[0067] A twenty-eighth aspect of the preserrt invention 
is to provide a metfuxf of manufacturing a miao device 
based upon the twenty-sev&ith aspect and further char- 
acterized in tfiat at least the edge of the thin film part 

5 surrounds the part corresponding to a through hole 
[0068] According to such a twenty-eighth aspect,^ at 
least the edge of the tfiin f3m part surrounds the part 
corresponding to a through hole, the inner edge of the 
thin film part may be also focated in a position opposite 

10 to the through hole 

[0069] A twenty-ninth aspect of the preserrt invention 
is to provide a metfKxi of manufacturing a micro device 
based upon the twenty-seventh or twenty -eighth aspect 
and further characterized in tfiat the cap is physically 

IS removed, attracting it 

[0070] Accordir>g to such a twenty-ninth aspect when 
the cap is physically removed after etching, dust and 
others are removed by attractfon. 
[0071 ] A thirtieth aspect of the present invention is to 

20 provide a metfKxl of manufacturing a micro device 
t>ased upon any of the tw^ity-seventh to twenty-ninth 
aspects and furtfier characterized in tfiat the cap is 
removed t>y mecfiarucal working or working by a laser 
beam. 

25 [0072] According to such a thirtieth aspect, the cap is 
simply removed using a needle arKi others or by radiat- 
ing a laser t>eam after etching arxi at that time, a bad 
effect tpon films around the tfiin film part is prevented 
by the tfiin f Dm part 

30 [0073] A thirty^irst aspect of the present invention is 
to provide a m^ttod of manufacturing a micro device 
based upon any of the twenty-eighth to thirtieth aspects 
and further cfiaracterized in tfiat the cap is removed by 
etching. 

35 [0074] According to such a thirty-first aspect, the cap 
securely removed t>y etching after etching and at tfiat 
time, effect upon the sunrounding films by overetcfiing is 
prevented t>y tfie thin f am part. 
[0075] A thirty-second aspect of the present invention 
40 is to provide a method of manufacturing a miao devrce 
based ipon any of the fourteenth to thirty-first aspects 
and further characterized in tfiat the sut>strate is a 
monocrystalline siQcon sut>strate arxi the multilayer 
structure \s formed by forming films arxi lithography. 
45 [0076] According to such a tfiirty-second aspect, a 
through hole can be formed by anisotropicalty etcfiing 
the monocrystalline silicon sut>strate, and etching, work 
for forming an opening and others at that time can be 
sinply and securely performed. 
50 [0077] A thirty-third aspect of the present invention ^ 
to provide a method of manufacturing an ink-jet printing 
head based upon any of the fourteenth to thirty-second 
aspects and further characterized in tfiat a nozzle aper- 
ture is formed on the other side of the sut>strate, is pre- 
ss vided with a row of pressure generating chambers each 
of which is partitioned by plural partition walls and is a 
passage forming sut>strate provided n one side with a 
piezoelectric element at least including a Imer elec- 
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trode. a piezoelecbic layer and an upper electrode in an 
area opposite to each pressur generating chamber via 
an elastic f Om constituting a part of the pressure gener- 
ating charTt)er. 

[0078] According to such a thtrty-third aspect a 
through h le such as a reference hole formed in the 
passage forming substrate of the ink-jet printing head 
can be securely and simply formed. 
[0079] A thirty-fourth aspect of the present invention is 
to provide a method of manufacturing an ink-jet printing 
head t>ased upon the thirty-third aspect and further 
characterized in that the cap is composed of at least 
one of the elastic film, the lower electrode, the piezoe- 
lectric layer and the upp^ electrode and the thin fOm 
part isconrposed of at least the elastic fHm 
[0080] According to such a tfurty-fourth aspect, leak- 
age in Aching Is securely prevented by the elastic fOm 
and the other films and work for an opening can be sim- 
ply and securely performed. 

[0081 ] A thirty-fifth aspect of the present invention is 
to provide a method of manufacturing an ink-jet printing 
head based upon the thirty-third aspect and further 
characterized in that the cap is composed of the atxive 
elastic film and the thin film part is composed of an elas- 
tic f Om or a film removed part relatively thinner tfian the 
elastic film. 

[0082] Accorcfing to such a thirty4ifth aspect, as the 
tfiin film part is very tfiin or there is no thin f im part the 
film can fc>e very simply and securely removed after 
etching. 

[0083] The above-mentioned and other features of the 
present invention and the invention itself will t>e t>etter 
understood by reference to the folbwing detailed 
description of preferred embodiments of the invention, 
when considered in conjunction with the accompanying 
drawings, in which: 

Rg. 1 is an exploded perspective view showing an 
ink-jet printing head according to an embodment of 
the presertt invention; 

Figs. 2A arxl 2B are sectkxial views showing an ink- 
jet printing head according to a first embodiment of 
the present invention; 

Rgs. 3A to 3E are sectional views shewing a tfiin 
film manufacturing process in the first embodiment 
of the present invention; 

Figs. 4A to 4C are sectiortal views showing the thin 
film manufacturing process in the first embodiment 
of the present invention; 

Rgs. 5A to 5D are sectional views shewing a main 

part reference hole forming process in the first 

embodiment of the present inv^ition; 

Rgs. 6A and 6B are plans showing a main part in 

the first embodiment of the present invention; 

Rg. 7 is a plan showing the main part in ttie first 

embodiment of the pres nt invention; 

Rg. 8 is a sectional view showing a main part in a 

second enrtodiment of the present invention; 



Rg. 9 is a plan shewing a main part in a third 
emtxxJinrtent of th present invention; 
Rgs. 10A through IOC are sectional views viewed 
along a line X-X* in Rg. 9; 
5 Rg. 1 1 is a plan sfiowing arKJther exampi in the 
third embodiment of th present invention; 
Rgs. 12A to 12C are sectional views showing a 
main part in a fourth embodiment of the present 
invention; 

10 Rgs. 13A to 13C are sectional views shewing a 
main part in a f'rfth embocfiment of the pres^ 
invention; 

Rgs. 14A to 14C are sectional views showing a 
main part in a sixth embodiment of the present 
IS inv^ition; and 

Rg. 15 is a perspective view schematically showing 
a ink-jet recordirrg devk:e equivalent to an emtxxii- 
ment of the present inventioa 

20 [0084] Fig. 1 is an exploded perspective view showing 
an ink-jet printing head equivalent to an embodiment of 
the present invention ajnd Rgs. 2A and 2B respectively 
show sectional structure in the longitudinal direction of 
one pressure generating chamber and in a aoss direc- 
ts tion. 

[0085] As shewn in Rgs. 2A and 2B, a passage fomri- 
ing substrate 10 is conrposed of a monocrystalline sili- 
con sut>strHte with the face orientation of (110) in th^ 
embodiment l=6r the passage forming substrate 1 0. the 

30 one approximately 150 to 300 psn thick is preferably 
used, more preferably, the one approximately 180 to 
280 iim thick and most preferably, the one approxi- 
mately 220 Mm thick are suitable. It is because arrange- 
ment density can be enhanced, keeping the rigidity of a 

35 partition wall between adjacent pressure generating 
chambers. 

[0086] One surface of the passage forming sut>strate 
10 is open and an elastic film 50 preferably with the 
thickness of 0.1 to 2 pm and conrposed of a silicon diox- 
40 ide fam formed by thermal oxidation beforehand 
formed on the c/Vher surface. 

[0087] In the meantime, two rows 1 3 of pressure gen- 
erating chamt)ers 1 2 each of which is partitioned by plu- 
ral partition walls 11, a reservoir 14 arranged 

45 approximately in the shape of a letter C so that the res- 
ervoir surrourvjs the three directions of the two rows of 
pressure generating chant>ers 12 and ink supply ports 
15 each of which connects each pressure generating 
cfiamber 1 2 and the reservoir 1 4 at fixed flew resistarx^ 

50 are formed on the open surface of the passage forming 
substrate 10 by anisotropically etching the monocrystal- 
line silicon sut>strate. An ink inlet 16 for supplying ink 
from the outside to the reservoir 14 is formed approxi- 
mately in the center of the reservoir 14. 

55 [0088] For the atx)ve anisotropic etching, when the 
nx}nocrystalline silicon si^>strate is dipped in alkaline 
solution such as KOH, it is gradually eroded, a first face 
(111) perpendicular to the face (1 10) and a second face 
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(1 1 1) at approximatety TO'' with the first face (111) and 
at approximately 35° with the atxTv face (110) emerge, 
and anisotropic Aching is peribmfied utOizing a property 
that the etching rate of the face (1 1 1) is approximately 
1/180, conpared with the etching rate of th face (110). 5 
Precise processing t)ased upon processing in depth in a 
paraQelogram formed by two first faces (1 1 1) and two 
diagonal second faces (111) is enabled by the above 
anisotropic etching and pressure generating chambers 
12 can t>e arranged in high density. w 
[0089] In this errbcdirront the longer side of each 
pressure generating chamber 12 is fonmd by the first 
face (111) and the shorter side is formed tjy the second 
face (111). The pressure generating chamber 12 is 
fornoed by etching the passage forming sut>5trate 10 is 
approximately throughout up to the elastic film 50. The 
quantity in which the elastic film 50 is diipf>e6 in alkaline 
solution for etching the monocrystalline silicon substrate 
is extreme small. Each ink supply port 15 communi- 
cating with one end of each pressure generatirtg cham- 20 
ber 12 is formed so that each ink supply port is 
shallower tfian each pressure generating chamber. That 
is, the ink supply port 15 is formed by etching the 
monocrystalline silicon substrate halfway in the direc- 
tion of the thickness (half-etching). Half-etching is exe- 25 
cuted by ac^usting etching time. 
[0090] A reference hole 30 for positioning the passage 
forming substrate 10 is formed at two diagonal corners 
of the passage forming substrate 1 0. 
[0091 ] A nozzle plate 18 in which nozzle apertures 17 30 
each of which communicates with the ink supply port 1 5 
of each pressure generating chamber 12 are made is 
fixed on the open surface of the passage forming sub- 
strate 10 via an adhesive, a fOm welded by heat or oth- 
ers. The nozzle plate 18 is made of glass ceramics or 35 
stainless steel preferatsly 0.1 to 1 mm thick, 300^ or 
less in a coefficient of b'near tf^mal expansion and 2.5 
to 4.5 [x lO'^rC] for example. One surface of the nozzle 
plate 18 covers one surface of the passage forming sub- 
strate 10 overall and also functions as a reinforcing 40 
plate for protecting the nrxxxx^rystalline silicon substrate 
from impact and external force. A reference hole 19 is 
formed in a position corresporxJing to the refererK^e hole 
30 of the passage forming substrate 10 in the nozzle 
plate 18. 45 
[0092] The size of each pressure generating chamber 
1 2 which applies ink droplet ejecting pressure to ink arxJ 
the size of each nozzle aperture 17 for ejecting an ink 
droplet are optimized according to the c^jantity of 
ejected ink droplets, ejecting speed arvj a ejecting fre- so 
quency. For example, if 360 pieces of ink droplets are 
recorded per 2.54 cm (1 inch), each nozzle aperture 17 
is required to be formed precisely so that it has the 
diameter of a few tens pm, 

[0093] In the meantime, a lower dectrode 60 apprcx- 55 
imately 0.5 pm thick for example, a piezoelectric fOm 70 
approximately 1 ^m thick for exairple and an i^sper 
electrode 80 approximately 0. 1 fim thick for exanple are 



laminated on the elastic f Dm 50 on the reverse side to 
th open surface ofthepassagefomrting substrate 10 in 
a process described later and constitute a piezoelectric 
element 300. Th piezo^ectric element 300 means a 
part including the lower electrode 60. the piezoelectric 
fOm 70 and the upper electrod 80. G^eraliy. either 
electrode of the piezoelectric element 300 functions as 
a common electrode, and the other electrode and the 
piezoelectric f Om 70 are cor^tituted by patterning every 
pressure gen^ating cfiamber 12. A part oorrposed of 
either electrode and the piezoelectric fOm 70 respec- 
tively patterned in wfiich piezoelectric distortion is 
caused t>y applying voltage to txith electrodes is caDed 
a piezoelectric active part 320. In this enrtxxfiment the 
lower electrode 60 functions as a comnfK>n electrode of 
the piezoelectric element 300 and the upper electrode 
80 functions as an individual electrode of the piezoelec- 
tric element 300, however, even if they are reverse for 
the convenience of a driving circuit and wiring, there is 
no problem. In any case, a piezoelectric active part is 
formed every pressure generating cfiamber. The piezo- 
electric element 300 and a cBaphragmd^placed by driv- 
ing the piezoelectric element 300 are called a 
piezoelectric actuator in total. In the atxve example, the 
elastic f 3m 50 arxi the bwer electrode 60 function as the 
diaphragm, however, the lower electrode may also func- 
tion as the elastic film. 

[0094] Such passage forming sut>strate 10 and nozzle 
plate 18 are fixed to a fixing member 20 provided with a 
concave portion for hokfing them A reference hole 20a 
is also formed in a position corresponding to the refer- 
ence hole 30 of the passage forming substrate 10 in the 
fixing member 20. 

[0095] Referring to Rgs. 3 and Rgs. 4, a process in 
which the piezoelectric f 3m 70 arxi others are formed on 
the passage forming sut^strate 10 composed of the 
monocrystalline sflkxxi substrate will be described 
below. 

[0096] As shown in Fig. 3A, fir^, a wafer of a monoc- 
rystalline silicon sut)strate to be tfie passage forrrting 
substrate 10 is thermally oxkiized in a diffusk)n furnace 
approximately at 1 lOO^'C and the elasticfilm 50 nrtade of 
silicon dioxkfe is formed. 

[0097] Next, as shown in Rg. 3B. the lower electrode 
60 is formed by sputtering. For the material of the lower 
electrode 60, platinum (Pt) and others are suitatsle. The 
reason is ttiat the piezoelectric film 70 descrft>ed later 
formed by sputtering and sol-gel transformation is 
required to be burned and crystallized at approximately 
600 to lOOO'^C in atmosphere or in the atmosphere of 
oxygen after the f 3m is formed. That is. the material of 
the tower electrode 60 is required to keep conductivity 
at such high temperature in the atmosphere of oxygen, 
particularly if lead zirconate titanate (PZT) is used for 
the material of the piezoelectric film 70. it is desirat)le 
ttiat conductivity is hardly varied by th diffusion of Pt>0 
and for the above reasons. Pt is suitat)le. 
[0098] Next as shown in Rg. 3C, the piezoelectric film 
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70 is formed. The piezoelectnc fibm can be also formed 
by sputtering, however, tn this embodiment, so-called 
sol-gel transformation in which th piezoelectric flbn 70 
conr|X)sed of metalOc oxide is obtained by applyirrg. dry- 
ing, gelling so-called sol in which a metallic organic sub- 5 
stance is dssolved and dispersed in a solvent and 
further, burning it at high tenperature is used. For the 
material of the piezoelectric film 70, material such as 
PZr is suitable in c^e it is used for an ink-j^ printing 
head. w 
[0099] Next, as shown in Fig. 3D, the upper electrode 
film 80 is fomned. The uppa- electrode film 80 has only 
to be formed by material high in corxfuctivity. arxJ many 
metals such as Al. Au. Ni and Pt. conductive oxide arxi 
others may be used. In this embodment Pt is used. is 
[0100] Next, as shown in Rg. 3E. the upper electrode 
film 80 and the piezoelectric fflm 70 are patterned so 
that each piezoelectric element is arranged opposite to 
each pressure generating chamber 12. Fig. 3E shows a 
case tfiat the piezoelectric film 70 is patterned using the 20 
same pattem as the ipper electrode film 80. however, 
as descrbed above, the piezoelectric fflm 70 is not nec- 
essarily required to t>e patterned. Th^ is because if volt- 
age is applied with the upper electrode f Om 80 patterned 
as an indvidual electrode, an electric field is appBed 25 
only between each upper electrode film 80 and the 
Imer electrode film 60 which is a convnon electrode 
and has no effect upon the other part. However, in this 
case, as large voltage is required to be applied to obtain 
the same excluded volume, it is desirable that the piezo- 30 
electric film 70 is also patterned. Afterward, the lower 
electrode film 60 is patterned and an unnecessary part 
is removed. 

[0101] The above patterning is executed by etching 
after a resist pattern ts formed. 35 
[01 02] The above resist pattern is formed by applying 
negative resist by spinning, exposing using a mask in a 
predetermined shape, developing and baking. Need- 
less to say. positive resist may t>e also used in place of 
negative resist 40 
[01 03] Etching is executed using a dry etchirKi devrce 
such as an ion milling machine until the elastic fflm 50 
made of silicon dioxide is exposed. After etching, a 
resist pattem is removed using an ashing device and 
others. 45 
[0104] For a dry etching method, a reactive etching 
method arxi others may be also i^ed in addition to an 
ion milling method. Wet etching may t>e also executed in 
place of dry etching, however, as patterning prec^ion is 
slightly inferior to that of dry etching and the material of so 
the tpper electrode film 80 is also limited, it is desirat>le 
that dry etching is executed. 

[0105] Next as shewn in Fig. 4A. an insulating layer 
^ is formed so that the periphery of the upper electrode 
film 80 and the side of the piezoelectric f Om 70 are cov- ss 
ered. For the material of the insulating layer 90, in this 
embodiment, negative photosensitive polyimide is used. 
[0106] Next as shown in Fig. 4B. a contact hole 90a 



is formed in a part opposite to each communicating part 
14 by patterning the insulating layer 90. Th contact 
hole 90a is provided to connect a lead electrode 100 
descrft>ed later and the upper electrode film 80. 
[0107] Next, tfie lead ^ectrode 100 is formed by pat- 
terning after an electric conductor such as Cr-Au is 
formed overall. 

[01 08] The film forming process is descrfl^ above. 
After the fflms are formed as descrijed above, the 
monocrystalline silicon substrate is ansotropicaDy 
etched in the above alkaline solution as shown in Rg. 
4C. and pressure generating chambers 12 and others 
are formed, tn tfie at)ove series of film forming and ani- 
sotropic etching, mutt9>le cNps are simultaneously 
formed on one wafer and after the process is finished, 
the one wafer is divided every passage forming sub- 
tle 10 in one chip size as shown in Rg. 1. 
[0109] The above ink iniet 16, the reference hole 30 
arvj a tfvough hole such as a separating hole formed 
between chips to separate into each chip are simultane- 
ously formed together with the pressure generating 
chamber 12 ansotropic etching processing, how- 
ever, in this enrtodiment, piercing work after etching 
can be simply and securely executed by providing a 
notched groove tower in fragility than the other part in a 
part corresponding to a through hole of a multilayer f Qm 
in a process desa9>ed later. 

[01 10] For example, a rxitched part 41 in a predeter- 
mined shape ts formed in the abcve film forming proc- 
ess together in the multilayer fOm 40 covering a part 
corresponding to the reference hole 30 and a part cov- 
ering the reference hole 30. 

[01 1 1 ] That fe. as shown in Fig. 5A. first the multilayer 
fOm 40 is formed on the passage forming substrate 10. 
For the multilayer f 3m 40. in this embodiment, the lower 
layer is the elastic film 50 provided with compressive in- 
plane stress and made of silicon oxide and otfiers for 
example and the upper layer is the tower electrode fQm 
60 provided with tensile irvplane stress arxJ made of 
platinum and others for exairple. At this time, the multi- 
layer film 40 is formed so that it has tensile stress as a 
whole. 

[01 12] Next, as shown in Fig. 5B. the notched part 41 
in a predetermined shape is formed by etching and oth- 
ers. The notched part 41 is formed approximately in the 
shape of a letter H as a whole on four sides except two 
sides opposite to each other of tiie approximately hex- 
agonal reference hole 30 and one diagonal connecting 
them as shown in Rg. 6A in this embodiment. The pat- 
tem of the notched part 41 is not particulariy limited and 
for example, as shown in Rg. 6B, the notched part may 
be also fonned on three diagonals of the approximately 
hexagonal reference hole 30. That is. the above pattem 
is a pattem that if the multilayer fOm is cut along the 
notched part 41 . a part of the multilayer f im 40 is not cut 
and if the multilayer fflm 40 is lifted along th cutting 
plane line, the edge with which a reference pin and oth- 
ers are in contact is completely exposed. 
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[0113] TTie size of the notched part 41 is not particu- 
larly linnited. however, it s desirat)le that the notched 
part is formed up to at least a part in the direction of the 
thickness of the lower electrode fflm GO. The shape of 
th notched part 41 is also not particularly linnited and in 
this OTbodiment, the notched part is a groov th sec- 
tion of which is approximately V type, however, for 
example, the notched part may be also a concave 
groove the section of which is semicircular or rectangu- 
lar. 

[0114] Next the refererx» hole 30 is made open t>y 
etching the reference hole 30 in this state as shown in 
Rg. 5C and piercing a part corresponding to the refer- 
ence hole 30 of the ntiltilayer fflm 40 as shown in Fig. 
5D. 

[Oil 5] The process for piercing the multilayer f Qm 40 
is executed t>y mechianically pressing the multilayer film 
from the side of the reference hole 30. cutting apart of 
the rKJtched part 41 by radiating a laser beam and oth- 
ers or pressing the nuttilayer film from the side of the 
refererK:e hole 30 after a part of tfie notched part 41 is 
cut for exanrple utilizing tfiat the multilayer f3m 40 ts 
lifted upward by the internal tensile stress. 
[01 16] In such pierdng work, as the multilayer film 40 
is provided at least in a part with a part in which the 
notched part 41 isnotformedasdescrit>edat)ove, acut 
piece is never scattered. As the multilayer fim 40 is 
securely lifted along an edge line with whk:h a reference 
pin 49 and others are in contact as shown in Rg. 7 when 
the refererK:e pin 49 and others are fitted into the refer- 
ence hole 30, the multilayer film 40 is never put in parts 
PI to P4 in v^ich the reference pin 49 and others and 
the edge are in contact, and the reference pin 49 and 
others can be securely fitted. 
[0117] The reference hole 30 is described above, 
however, the similar action may be also taken for other 
through holes such as the ink inlet 16. 
[0118] In the ink-jet printing head constituted as 
descrft>ed above, pressure in the pressure generating 
cfiamber 12 is inaeased arxl an ink droplet is ejected 
from the naz2le aperture 17 by applying voltage 
between the lower electrode f Bm 60 and the upper elec- 
trode fOm 80 via the lead electrode 100 according to a 
recording signal from an exterr^ driving circuit rv>t 
shown and deforming the elastic film 50 and the piezo- 
electric fOm 60 so ttiat th^ are flexuous after ink is 
fetched from the ink inlet 16 connected to external ink 
supply means not shmn and the inside from the reser- 
voir 14 to the rK>zzle aperture 17 is fSled with ink. 
[01 1 9] Rg. 8 shows the section of the main part of an 
ink-jet printing head equivalent to a secorxl embodi- 
ment. 

[0120] This embodiment is the same as the atx>ve 
embodiment except that an insulating layer is further 
formed on a lower electrode f Om 60. 
[0121] That is, also in this errixxfimerrt, as in the 
atxTve embodiment, first, an elastic f Om 50 provided with 
conpressive stress and a lower electrode fOm 60 pro- 



vided with tensDe stress are formed arxJ a notched part 
41 in a predetermined shape is formed in a part cover- 
ing a reference hole 30 of a passage fbnming plate 1 0 by 
etching and others. 

5 [0122] Next, as shown in Rg. 8. an insulating layer 90 
is formed on the lower electrod film 60 and a multilayer 
fOm 40A is conposed of the elastic film 50, the lower 
electrode film 60 and the insulating layer 90. At this 
time, as the insulating layer 90 is formed along the 

10 shape of the notched part 41 in a part opposite to the 
rK)tched part 41 . the notched part 41 is maintained. 
[0123] The insulating layer 90 is formed by material 
provided with tensile stress such as polyimida At this 
time, also in this embodiment as in the atXTve emtxxli- 

75 m^it, the nrultilayer film 40A is required to be provided 
with terisile stress as a whole. 
[0124] In this ennbodiment, the insulating layer 90 is 
formed after the notched part 41 is formed, however, 
after the insulating layer 90 is formed on the bwer elec- 

20 trode film 60, a notched part may be also formed over- 
all. 

[0125] Afterward, as in the atxive embodiment, the 
reference hole 30 is etched, a part corresponding to the 
reference hole 30 of the multilayer film 40A Is pierced 

25 and the reference hole 30 is made open. 

[0126] Hereby, as tfie nrultilayer film 40 A is provided 
with further strong tensile stress as a wfiole, the multi- 
layer film 40A is securely lifted in work for pterdr^ the 
reference hole 30. 

30 [0127] The multilayer film fias only to be provided with 
tensile stress as a whole as in the atxive emtxxfiment 
and for example, the piezoelectric film 70 and the upper 
electrode film 80 may t>e also formed on the lower elec- 
trode film 60. In this case, for the notched part 41, at 

35 least a part of the lower electrode film 60 in the direction 
of the thickness has only to t>e notched arvj for example, 
aft^ tfie notched part 41 is formed, a film way be also 
formed on the lower electrode film 60 and after a film is 
formed, a notched part up to the lower electrode film 60 

40 may be also formed. 

[0128] Rg. 9 is a plan showing the main part of an ink- 
jet printing head equivalent to a third embodiment arxi 
Rgs. 10 are sectional views viewed along a fine X-X in 
Rg. 9. 

45 [0129] In this ennbodiment a thin film part 42 sur- 
rourxjing a refererKe hole 30 and thinner as a wfK)le 
than the other part and a cap 43 thicker as a wtiole than 
the tfiin film part and covering a part corresponding to 
the reference hole 30 are provided in place of forming 

50 the notched part 41 . 

[0130] That is. as shown in Rgs. 9 and 10A. the cap 
43 covering the part corresponding to the reference 
hole 30 and the linear thin film part 42 surrounding the 
cap 43 are formed together in the atxive film forming 

55 process and as shown in Rg. 10B, etching is executed 
in this state. Aft nward, as shown in Rg. IOC, the refer- 
ence hole 30 is formed by renx)ving a part con-espond- 
ing to the reference hole 30 of the cap 43. At this time. 
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in this embodimerTt. a thick film part 43a is left between 
the ttiin film part 42 and the reference hole 30. This is 
because a film in a part opposite to the reference hde 
30 is ideally removed arxi there is also a case that a f Om 
removed part is formed around the r^erence hoi 30 5 
depending upon a state in wtiich the film Is r&noved. 
[0131] In th^ example, the cap 43 is equivalent to an 
elastic film 50 and a lower electrode film 60 and the thin 
film part 42 is equivalent to only the elastic film 50. 
TTierefore, even if the elastic f 3m 50 has a defect, etch- 10 
ing gas or etchant never invades the reverse side in 
etching. 

[0132] A process for removing the cap 43 can t>e exe- 
cuted by physical means such as mechanicalty boring 
using a needle and others and radiating a laser beam. It is 
Is desirat}le that the removing process is executed, 
remcving the remains of the cap 43 by attraction. 
[01 33] In such renmving worK as the thin film part 42 
exists around the cap 43. only the cap 43 can be readily 
removed and aftenward, in a mounting process and oth- 20 
ers for example, a thick film part 44 around the thin film 
part 42 is never peeled. 

[01 34] At least the outer edge of the thin film part 42 
has only to be located outside the outer edge of the 
opening of the reference hole 30. Therefore, the inner 25 
edge of the tfiin film part 42 may be also located in a 
position opposite to the reference hole 30 and in this 
case, if a film covering the reference hole 30 is removed, 
the thin fflm part 42 exists around it 
[0135] The process for removing the cap 43 may be 30 
also executed by etching. At th^ time, the ex^ence of 
th thin film part 42 can prevent a film from being peeled 
due to overetching arxJ only the cap 43 can t>e securely 
r HfKTved. 

[0136] The reference hole 30 is described above, 35 
however, the similar action may be also taken for the 
other through holes such as an ink inlet 1 6. 
[0137] In this embodiment the tfiin film part 42 and 
the cap 43 are provided in place of the atxve notched 
part 41 , however, the present invention is not limited to 4o 
ttvs arxi needless to say, a comkmiation of them may t>e 
also provided. For example, as shown in Rg. 1 1 , the thin 
film part 42 may t>e also provided around the reference 
hole 30 outside a notched part 41 and the notched part 
41 may be also provided on the cap 43. In such consti- 45 
tution, tiie lifted multilayer fOm 40 is never peeled out- 
side the thin film part 42 owing to the notched part 41 
and the multilayer fflm can be prevented from being 
peeled more than required. 

[0138] Rgs. 12 respectively show the section of the so 
main part of an ink-jet printing head equivalent to a 
fourth embodiment 

[0139] This embocOment is the same as the third 
embodiment except that the structure of a cap and a 
ttiin film part is varied. ss 
[0140] In ttt's embodiment, as shown in Rgs. 12, a cap 
43A is formed t>y an elastic fOm 50. a lower electrode 
film 60. a piezoelectric film 70 and an upper etectrod 



fflm 80 and a thin fflm part 42A s formed by the elastic 
fflm 50 and th lower electrode film 60. 
[01 41 ] Therefore, leakage due to the defect of a fflm in 
etching can be securely avoided as shown in Rgs. 12A 
and 12B. As the linear thin film part 42A exists around 
the cap 43A, only the cap 43A can be simply and 
securely removed when it is removed arvJ the peeling of 
a film has no effect upon a thick film part 44A around the 
cap. 

[0142] Rg. 12c shows a state in which the whole cap 
43A is removed by mechanical working, after the cap 
43A is removed, a film reoKTved part 43 exists around 
the reference hole 30 and the thin film part 42A is 
formed around the fflm removed part 
[0143] The cap 41 A may t>e also removed tiy etching 
and as the thin fflm part 42A is ateo left by etching, a fflm 
can be preverrted from being peeled due to overetching. 
[P144] Rgs. 13 respectively show ttie section of the 
main part of an ink-jet printing head eqiivalent to a fiftti 
embodiment 

[0145] This embodiment is the same as the third 
embodiment except that the structure of a cap and a 
thin fflm part is varied. 

[0146] In this embodiment, as shown in 13. a cap 
43B is formed by an elastic fflm 50 and a lower electrode 
fflm 60 arxj a thin film part 42B is a film removed part in 
which all f flms are removed. 

[Ql 47] In this case, leakage in etching can be securely 
prevented owing to the cap 438. As the linear thin f Qm 
part 42B is formed arourxJ the cap 43B, the cap 43B can 
be simply and securely removed arxl the peeling of a 
f 3m has no effect upon a thick film part 44B around the 
cap. 

[01 48] The cap 43B may be removed physically or by 
etching. 

[0149] R^. 14 respectively show the section of the 
main part of an ink-jet printing head equivalent to a sixth 
embodiment 

[0150] This embodirrrent is the same as the tfiird 
embodiment except that the structure of a cap arxJ a 
thin fflm part is varied. 

[0151] In this emtxxJiment. as shown in Rgs. 14, a cap 
43C is formed by only an elastic fflm 50 and a part of the 
thickness of the elastic film 50 is renx^ved in a thin fflm 
part42C. 

[01 52] In this case, the elastic film 50 is formed, con- 
trolling stress so thiat no fflm defect is made and if nec- 
essary, is formed so that the elastic fflm ts thick. In ttiis 
case, as the linear thin fflm part 42C ^ formed around 
the cap 43C, the cap 43C can be sirrply arxj securely 
renxTved and an effect of the peeling of a fflm and others 
upon a thick film part 44C around the cap can be 
securely avoided. 

[0153] The cap 43C n^y be renx3ved physically or t>y 
etching. 

[0154] Rg. 14C shows a state in which the cap 43C is 
removed by mechanical working, however, as the thin 
fflm part 42C is also left by etching, only the cap 43C 
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can be removed without overetching. 

[0155] Further, the thin film part 42C may be also a 

fOm removed part in which the whole elastic film 50 is 

renrxMfed. 

[01 56] The embodiments of tfte present invention are s 
desabed atx3ve. however, the basic constitution of the 
ink-jet printing head is not fimited to the atx)ve. 
[0157] For example, in the atxive embodiments, the 
reservoir 14 is formed together with the pressure gener- 
ating chambers 12 in the passage forming substrate 10. w 
however, a member forming a common ink chamber 
may be also provided on the passage forming substrate 
10. 

[01 58] Further, in the above embodim&tts. a connec- 
tion of the upper electrode film and the lead electrode is 
may be also provided in any kxHtion. at any end of the 
pressure generating charrto or in the center. 
[0159] In the above embodiments, the case that the 
insulating layer Is provided between the piezoelectric 
element and tfie lead electrode is descrft>ed. however. 20 
the present invention is not limrted to the case, for exam- 
ple, an anisotropic conductive fflm may t>e also ther- 
mally wekJed to each upper electrode without providing 
the insulating layer, the anisotropic conductive fOm may 
be also connected to the lead electrode and in addition. 25 
connection may be also made using various bonding 
technique such as wire bonding. 
[01 60] As descrit>6d atx>ve, the present invention can 
be applied to a micro device such as a micro sensor in 
addition to ink-jet printing heads provided with various 30 
structures unless they violate the object. 
[0161] The ink-jet printing head equivalent to the 
atxTve each emtxxjiment constitutes a part of a printing 
head unit provided with an ink passage communicating 
with an ink cartridge and others arxl is mounted in an 35 
ink-jet recording device. Fig. 15 schematically shows an 
exarrple of such an inkiet recordng device. 
[0162] AsshowninFtg. 15. cartridges 2A and 2B con- 
stituting ink supply means are respectively provided to 
printing head units 1 A and IB respectively provided with 40 
an ink-jet printing head so that the cartridges can be 
detached and a carriage 3 mounting the printing head 
units 1A and IB is provided to a carriage shaft 5 
attachedtothebody 4of thedevicesothatthe carriage 
can be moved in tiie direction of ttie shaft TTie purpose 45 
of the printing head units 1 A and IB ^ respectively to 
eject a black ink composition and a cobr ink composi- 
tion for example. 

[01 63] The carriage 3 mounting the printing head units 
1 A and 1 B is moved along the carriage shaft 5 by trans- so 
mitting driving force of a driving motor 6 to the carriage 
3 via plural gears not shown and a timing t>elt 7. In the 
meantime, a platen 8 is provided atong the carriage 3 to 
the body 4 of ttie device. The device is constituted so 
that tt^e platen 8 can be rotated by the driving force of a 55 
paper feed motor not shown, a recorcfing sheet S which 
is a recording medium such as paper supplied k>y a 
paper feed roller and otfiers is wound on ttie platen 8 



and carried. 

(P1 64] As described above, according to the present 
invention, effect tftat a multilayer film provided with ten- 
sile stress inside as a whole is formed as a part for cov- 
ering a tfirough hole, tfte multilayer f 9m after etching can 
be readily and securely pierced by provicfing a notched 
part when ttie through hole is formed in a sii)sbBte by 
etching, a fflm Is prevented from being scattered and a 
reference pin and ottiers can be precisely fitted into ttie 
through hole is produced. 

[01 65] As described atxive, according to ttie present 
invention, effect that as a cap and a thin f 3m part around 
the cap are provided, leakage in etching can be pre- 
vented when a through hole is formed in a substrate by 
etching and the cap can t>e sinply and securely 
removed after etching is produced. 

Claims 

1 . A miao device comprising: 

a substrate (10); 

multilayer fOm structure comprising an active 
plate (50) and an active plate actuator (70) for 
driving said active plate (50) on one side of said 
sut)strate (10); 

a through hole (30) pierdng said siA>strate 
(10); and 

a fragile part disposed on saki multilayer film 
(40) around or across a part corresponding to 
said through hole (30), sakj fragile part being 
relatively ttiinner than ttie other part 

2. A miao device according to claim 1 , wherein: 

said multilayer film (40) covering the part corre- 
sponding to sakj through hole (30) comprises 
at least a film (60) having tensile in-plane 
stress as an upp^ layer so tfiat the in-plane 
stress of ttie wtiole multilayer film (40) is tensile 
stress; and 

sakj fragile part 6 disposed on sakJ multilayer 
film (40) around or across ttie part correspond- 
ing to said through hole (30) and including a 
fragile cut part (41) relatively tower in fragility 
than the other part 

3. A miao device according to claim 2, wherein sakJ 
fragile cut part (41) is formed linearly. 

4. A miao devk:e according to daim 2 or 3. wherein 
saidfragil cut part (41) is a notched groove formed 
at least in one layer of sakJ multilay r film (40). 
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5. A micro device according to arry of daims 2 to 4, 
wheran said multaayer film (40) oomprises a silicon 
oxide film (50) having compressive stress arxJ a 
metaiBc fOm (60) formed on the silicon oxide fflm 
(50) and having tensile stress. 5 

6. A micro device according to daim 5. wherein said 
multilayer fflm (40) is further provided an insu- 
lating layer (90) having tensOe stress as an ifsper 
layer. 10 

7. A micro device accorc£ng to daim 5 or 6. wherein 
said fragile cut part (41 ) is a notched groove formed 
at least in a part at least with the thickness of the 
metalBc fflm (60) of said nrwltilayer film (40). is 

a A rracro device according to any of daims 1 to 6, 
wherein said fragfle part corrprises a linear thin fflm 
part (42) surrourxJing the part corresponding to 
said through hde (30) and thinner as a wftole than 20 
tfie surroundings of said multilayer fflm (40). 

9. A micro device according to daim 8, further com- 
prisirig a thick film part relativety thicker than said 
thin film part (42) formed inside said thin fflm part 25 
(42). 

10. An ink-jet printing head irx^luding the micro device 
according to any of daims 1 to 9, wherein said sut>- 
strate (10) in said micro device is provided with 30 
pressure generating chambers (12) each of which 
cormiunicates with a nozzle aperture (17), a multi- 
layer structure is formed on one side of said sut>- 
strate (10) in an area opposite to said pressure 
generating chamt>er ( 1 2) , the multilayer structure is 35 
composed of a vilxation piate as said active plate 
arxJ a piezoelectric element as said active plate 
actuator, the vitxation plate includes an elastic fflm 
(50) arxi/or a tofwer ^ectrode (60), arxl the piezoe- 
lectric elentent indudes an upper electrode (80), a 40 
piezoelectric layer (70) arxj a lower ^ectrode (60). 

11. An ink-jet printing head according to daim 10, 
wherein said fragile part is composed of said vflxa- 
tion plate. 45 

12. An ink-jet printing head according to daim 10. 
wherein in said fragfle part, at least a part in the 
direction of the thickness of said vOxation plate is 
removed. so 

13. An ink-jet printing head according to daim 10. 
wherein said fragile part is composed of said elastic 
f Hm (50). 

ss 

14. An ink-jet printing head according to daim 10, 
wherein in said fragOe part at least a part in the 
direction of the thickness of said elastic film (50) is 



removed. 

15l An inki'et printing apparatus induding the ink-jet 
printing head according to any of daims 10 to 14. 

16. Ametfiodof mareifacturingamicr device compris- 
ing a multilayer film structure having an active plate 
(50) and an active plate actuator (70) for driving 
said active plate (50) on one side of a s ubstrate 
(10), comprising the steps of: 

forming a fragile part relatively thinner than the 
other part of said multilayer fflm (40) in said 
multilayer fflm (40) around or across a part cor- 
responcA'ng to a through hole (30) for pierdng 
said sut>strate (10); 

forming a through hole (30) for pierdng ip to 
said muttUayer film (40) by etching the part cor- 
responding to said through hole (30) from the 
other side of said sut>strate (10); arxJ 

cutting said multilayer fflm (40) along or inside 
said fragile part after said through hole (30) is 
formed, forming an opening in said multilayer 
fflm (40) and forming said through hole (30). 

17. A method of mamjfacturing a micro device accord- 
ing to daim 16. further conrprising the steps of: 

providing a film (60) provided with t^isile irv 
plane stress as at least an upper layer of a mul- 
tilayer fDm (40) covering a part corresponding 
to a through hole (30) for pierdng said sub- 
strate (10) so that the in-plane stress of the 
whole multilayer film (40) is tensile stress, is 
provided before said through hole (30) is 
formed; and 

forming an opening in said multilayer fflm (40) 
utilizing said terrsile in-plane stress after said 
through part is formed to form said tfvrough 
hole. 

ia A method of rnanufacturing a nicro device accord- 
ing to daim 1 7, wherein said fragfle part comprises 
a fragile cut part (41) of said multilayer fOm (40) 
along the edge of the part corresponding to said 
through hole (30) and relatively lower in fragility 
than the other part. 

1ft A method of manufacturing a miao device accord- 
ing to daim 1 7 or 18, wherein said fragile part com- 
prises a fragile cut part (41) provided across the 
part corresponding to said through hole (30) of said 
multilayer fflm (40) and relatively lower in fragility 
than the other part. 
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20. A method of maiufactuiing a rnk:ro den^ 

tng to daim 18 or 19. wherein saki fragile cut part 
(41) is formed Gnearfy. 

21 . A method of manufacturing a micro de^ accord- s 
ing to any of daims 17 to 20, wherein said fragfle 
cut part (41) Is a notched groove formed at least in 
one layer of said muttitayer film (40). 

22. A method of manufacturing a micro dence accord- io 
ing to any of claims 17 to 21, wherein said multi- 
layer film (40) comprises a sflicon oxide film (50) 
provided with conrpressive stress and a metallic 
film (60) formed on the silicon oxide f Om arxi having 
tensile stress. is 

23. A method of manufacturing a micro device accord- 
ing to daim 22, wherein said multilayer f 3m (40) fur- 
ther conrprises an insulating layer (90) having 
tensile stress as an ipper layer. 20 

24. A method of manufacturing a micro device accord- 
ing to daim 22 0^23, whera'n said fragile cut part 
(41) is a notched groove formed at least in a part at 
least with the thickness of the metallic film (60) of 2s 
said multilayer f 3m (40). 

25. A metfiod of manufacturing a micro device accord- 
ing to any of daims 16 to 24, wherein said opening 

is formed by pressing said multilayer film (40) in the 30 
part corresponding to said through hole (30). 

26. A method of manufacturing a micro device accord- 
ing to daim 25, wherein said pressing is performed 
from the side of said through pari 35 

27. A method of manufacturing a micro device accord- 
ing to daim 25 or 26, further comprising a step of 
forming a crack is made at least in a part of said 
fragile cut part (41) t^efore said pressing. 40 

28. A method of maruifacturing a micro device accord- 
ing to any of daims 16 to 27, wherein said fragile 
part comprises a linear thin film part (42) surround- 
ing the part corresporxling to said through hde (30) 45 
and thinner as a wtiole tfian the surroundings of 
said multilayer f Om (40). 

29. A method of marxjfacturing a micro device accord- 
ing to daim 28, wherein a step for forming said frag- so 
ile part comprises a step for forming said thin fOm 
part (42) and a cap (43) tfiicker as a whole than the 
ttiin f Hm part (42) and covering the part correspond- 
ing to said through hole (30), and said through hole 
(30) is formed by rerrxsving said cap (43) after said ss 
tfvough part is formed. 

30. A method of marurfacturing a micro device accord- 



ing to daim 29, wherein at least the outer edge of 
said thin film part (42) sun-ounds the part corre- 
sponding to said tftroug^ hda 

31. A method of manufacturing a micro device accord- 
ing to daim 29 or 30, wherein said cap (43) is 
renxyved physically, attracting or blowing off it 

32. A method of manufacturing a miao device accord- 
ing to any of daims 29 to 31, wherein said cap (43) 
is renxTved by mechanical working or working by a 
laser beam. 

33. A m^hod of manufacturing a micro device accord- 
ing to any of dainrs 29 to 31 , wherein said cap (43) 
is removed by etching. 

34. A method of manufacturing a micro device accord- 
ing to any of daims 1 6 to 33, wherein said sut>strate 
(10) is a nfK)nocrystalline silicon sut)strate and said 
multilayer fOm structure is fornrted by forming a f 3m 
and litfiography. 

35. A method of manufacturirtg an ink-jet printing head 
according to any of daims 16 to 34, wherein said 
sut>strate (10) in said micro device is provided with 
pressure generating chambers (12) each of which 
communicates with a nozzle aperture (17), a multi- 
layer structure is formed on one side of said sub- 
strate (10) in an area opposite to said pressure 
generating chamber (12), the nmittilayer structure ts 
composed of a vocation plate as said active plate 
arxJ a piezoelectric element as said active plate 
actuator, the vSxation plate indudes an elastic f 3m 
(50) arxl/or a lower electrode (60), arxJ the piezoe- 
lectric element indudes an upper electrode (80), a 
piezoelectric layer (70) and a lower electrode (60). 

36. A metfKxi of manufacturing an ink-jet printing head 
according to daim 35, wherein said fragile part is 
connposed of said vbration plate. 

37. A method of manufacturing an ink-jet printing head 
according to daim 35, wherein in said frag3e part, 
at least a part in the cfirection of the ttiickness of 
said vbration plate is removed. 

38. A method of manufacturing an ink-jet printing head 
^xx)rding to daim 35, wherein said fragile part is 
composed of said elastic f 3m (50). 

39. A method of manufacturir^g an ink-jet printing head 
according to daim 35, wherein in said frag3e part, 
at least a part in the cfirection of the thickness of 
said elastic film (50) is removed. 
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